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Data on recent and historic pesticide use, pesti-
cide application methods, and farm characteristics
were collected from 35,879 restricted-use pesticide
applicators in the first 2 years of the Agricultural
Health Study, a prospective study of a large cohort
of private and commercial licensed pesticide appli-
cators that is being conducted in Iowa and North
Carolina. (In Iowa, applicators are actually ‘‘certifi-
ed,’’ while in North Carolina they are ‘‘licensed’’; for
ease of reference the term license will be used for
both states in this paper.) Commercial applicators
(studied in Iowa only) apply pesticides more days
per year than private applicators in either state.
When the types of pesticides being used by different
groups are compared using the Spearman coeffi-
cient of determination (r2), we find that Iowa private
and Iowa commercial applicators tend to use the
same type of pesticides (r2 5 0.88). White and non-
white private applicators tended to use the same
type of pesticides (North Carolina r2 5 0.89), as
did male and female private applicators (Iowa
r2 5 0.85 and North Carolina r2 5 0.84). There was less
similarity (r2 5 0.50) between the types of pesticides
being used by Iowa and North Carolina private ap-
plicators. A greater portion of Iowa private applica-
tors use personal protective equipment than do
North Carolina private applicators, and pesticide
application methods varied by state. This hetero-
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geneity in potential exposures to pesticides be-
tween states should be useful for subsequent epi-
demiologic analyses using internal comparison
groups. ( 1999 Academic Press
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INTRODUCTION

Specific agricultural agents that might be respon-
sible for the excess risks of cancer of the lip, stomach,
brain, prostate, connective tissue, and lymphatic
and hematopoietic system among male farmers
(Blair et al., 1985, 1993; Pearce and Reif, 1990; Blair
and Zahm, 1991) have not been clearly identified,
but the strongest link to date is with pesticides. In
the few studies focusing on women with pesticide
exposure, ovarian cancer has been linked with
triazine herbicides (Donna et al., 1989), breast can-
cer with insecticides (Falck et al., 1992; Wolfe et al.,
1993), and multiple myeloma (Zahm and Blair, 1992)
and non-Hodgkin’s lymphoma (Zahm et al., 1995;
Folsom et al., 1996) with various chemicals. Expo-
sure to some pesticides and other agricultural fac-
tors may also be associated with acute and chronic
effects on the nervous, renal, respiratory, and repro-
ductive systems of men and women (Greaves, 1992;
Baker and Wilkeson, 1990). However, much of the
evidence for these effects comes from case reports
and experimental animal studies, so epidemiologic
studies are needed to derive etiologic conclusions.

Accurate assessment of historical exposures is dif-
ficult in all epidemiologic investigations. Problems
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in recalling past agricultural exposures and the pos-
sibility of case-recall bias is a concern in retrospec-
tive studies. In prospective studies, the case-recall
bias is eliminated (although nondifferential misclas-
sification may still occur) and exposure assessment
is improved because of the opportunity to obtain
information periodically. Many factors may influ-
ence exposure. This paper describes exposure pat-
terns by host and farm characteristics to provide an
understanding of exposure patterns and to provide
information to help develop survey instruments for
future interviews in this and other agricultural
populations.

METHODS

A complete discussion of methods used in the Agri-
cultural Health Study has been reported elsewhere
(Alavanja et al., 1996; submitted for publication).
This project is being conducted in North Carolina
and Iowa among registered pesticide applicators and
spouses of private applicators. All persons who wish
to apply restricted-use pesticides in these states
must obtain a pesticide applicators’ license through
their state Department of Agriculture. At the li-
censing facility, each pesticide applicator is asked to
complete a 21-page, optically scannable enrollment
questionnaire. In Iowa, private (99% farmers) and
commercial pesticide applicators (i.e., individuals
employed by agricultural dealerships, pest control
companies, or by other businesses who use re-
stricted-use pesticides) obtain licenses at the same
facilities and are therefore enrolled together. In
North Carolina, private and commercial pesticide
applicators are licensed at separate facilities; only
TABLE
Number and Percentage of Applicators Enrolled in the Agricult

Iowa private NC priva

Gender
Male 15,365 98.6% 13,556
Female 215 1.4% 641
Unknowna 613 592

Race
White 14,951 99.9% 12,609
Black 11 0.1% 814
Others 11 0.1% 176
Unknowna 1,220 1,190
Total 16,193 14,789

aFollow-up interviews are in progress to fill in missing data.
private applicators (91% farmers; the remainder
primarily perform applications to lawn and garden)
from North Carolina were enrolled.

Information from the enrollment questionnaire
was used to assess pesticide-related employment
(farm vs nonfarm), farm characteristics (such as
farm size, type of crops grown, and livestock raised),
types of pesticides used, application methods em-
ployed, and type of protective equipment used, and
differences in exposure by state and license type
were determined. For 22 pesticides that have wide-
spread use in either Iowa or North Carolina, the
rank order by the percentage of the population using
the chemical last year was determined. The ranking
was done separately for Iowa farmers, Iowa commer-
cial applicators, and North Carolina farmers who
enrolled during the first 2 years of the study. The
Spearman coefficient of determination was com-
puted to quantify the similarity of pesticide use in
the three state/license categories (SAS Institute,
1993).

RESULTS

A total of 35,879 pesticide applicators completed
the enrollment questionnaire of 51,256 applicators
who sought restricted-use pesticide licenses in 1994
and 1995 (Table 1). In Iowa, 16,193 private applica-
tors and 4897 commercial applicators enrolled in the
study, while in North Carolina 14,789 private appli-
cators enrolled. Currently, about 3% of the applica-
tors enrolled in the study are women and 3.1% are
minorities.

Farms in Iowa (median farm size—306 acres) are
larger than farms in North Carolina (median farm
1
ural Health Study by State, License Type, Gender, and Race

Applicators

te Iowa commercial Total

95.5% 4442 96.1% 33,363 97.0%
4.5% 178 3.9% 1,034 3.0%

277 1,482

92.7% 4596 99.5% 32,156 96.9%
6.0% 6 0.1% 831 2.5%
1.3% 19 0.4% 206 0.6%

276 2,686
4897 35,879
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size—85 acres). Nearly 50% of the farmers in Iowa
have operations of over 500 acres, while only 20% of
North Carolina farms were that large. The major
crops for Iowa farmers in our study are field corn
(85.7%), soybeans (78.7%), oats (30.8%), hay
(39.2%), and alfalfa (32.3%). North Carolina farms
are more diverse. Although field corn (35.0%) and
soybeans (36.4%) are important crops in North
Carolina as well, tobacco (37.4%), wheat (23.4%),
peanuts (10.5%), cotton (10.4%), and sweet corn
(10.4%) are also important agricultural commodi-
ties. More farmers in Iowa raised hogs and beef than
did those in North Carolina (hogs—46.7% versus
8.7%; beef—42.4% versus 22.9%, respectively),
while poultry farming is more common in North
Carolina (5.4%) than in Iowa (2.6%).

Table 2 ranks pesticides by percentage of applica-
tors using the product in the year previous to enroll-
ment in the study. Herbicides comprise 8, of the 10
pesticides used by the largest number of Iowa
farmers, 9 of the 10 used by the largest number of
Iowa commercial applicators, and 6 of the 10 used by
TABLE
Pesticides Used and Median Number of Application

Pe

Chemical Type of pesticideb Io

2,4-D H
Glyphosate H
Imazethapyr H
Atrazine H
Dicamba H
Metolachlor H
Trifluralin H
Chlorpyrifos I
Cyanazine H
Terbufos I
Alachlor H
Permethrin (Animal) I
Fonofos I
EPTC H
Captan FG
Dichlorvos I
Permethrin (Crop) I
Coumaphos I
Carbofuran I
Chlorothalonil FG
Methyl Bromide FM
Trichlorfon I
Mean No. Days Pesticides Applied
Median No. of Days Pesticides Applied
Median No. of Years Pesticides Applied

aLast year—year prior to questionnaire adminstration (1993 and 19
bH, herbicide; I, insecticide; FG, fungicide; FM, fumigant.
the largest number of North Carolina farmers. The
herbicide glyphosate was used by more than 30% of
all three groups. Other herbicides, such as 2,4-D,
imazethapyr, atrazine, dicamba, metolachlor, and
trifluralin were used by 20—40% of Iowa farmers
and commercial applicators, but by only 4 to 15% of
North Carolina farmers. Chlorpyrifos is the most
widely used insecticide in both Iowa and North
Carolina. Fumigants (e.g., methyl bromide) and fun-
gicides (e.g., chlorothalonil) are used more exten-
sively in North Carolina than in Iowa. The median
days of application for an average year for commer-
cial applicators in Iowa was 43 days, while the me-
dian number of days was 13 for private applicators
in Iowa and 12 days for private applicators in North
Carolina. Private applicators in Iowa have been ap-
plying pesticides for more years (median years—15)
than North Carolina applicators (14 years) and com-
mercial applicators in Iowa (7 years).

In Table 3 the percentage of farms using a pesti-
cide was rank ordered for the commodities reported
by Iowa and North Carolina farmers as most
2
s Made ‘‘Last Year’’ a by State and License Type

rcentage of Population Using Indicated Pesticide Last Year

wa private NC private (rank) Iowa commercial (rank)

35.3 (1) 15.5 (2) 36.5 (2)
33.6 (2) 31.5 (1) 40.8 (1)
32.1 (3) 2.6 (15) 24.6 (4)
29.9 (4) 14.0 (3) 23.8 (5)
22.4 (5) 4.1 (12) 28.4 (3)
19.6 (6) 8.8 (6) 23.1 (6)
18.6 (7) 5.8 (11) 20.0 (7)
13.6 (8) 12.9 (4) 13.8 (10)
13.0 (9) 2.8 (14) 19.5 (8)
13.0 (10) 7.0 (9) 6.1 (13)
9.9 (11) 7.1 (8) 16.3 (9)
5.4 (12) 1.4 (19) 2.5 (17)
5.1 (13) 1.4 (18) 3.7 (16)
3.4 (14) 0.5 (21) 11.3 (11)
2.9 (15) 3.6 (13) 1.8 (19)
2.8 (16) 0.7 (20) 1.6 (20)
2.3 (17) 5.9 (10) 10.4 (12)
2.1 (18) 2.6 (17) 0.9 (21)
1.2 (19) 2.6 (16) 4.1 (15)
0.4 (20) 7.5 (7) 4.3 (14)
0.1 (21) 10.0 (5) 0.8 (22)
0.1 (22) 0.2 (22) 2.4 (18)

17 26 45
13 12 43
15 14 7

94); little dierence was found between the two-years.



TABLE 3
Top Five Chemicals by Major Commodity Raiseda

on the Farm

Commodity
(percentge of farms Percentage
with commodity) Chemical of farms

Grainsb Glyphosate (H) 67.7
(64.3%) 2,4-D (H) 63.7

Atrazine (H) 58.5
Alachlor (H) 43.9
Trifluralin (H) 42.4

Vegetablesc 2,4-D (H) 76.7
(60.1%) Glyphosate (H) 74.4

Atrazine (H) 73.2
Alachlor (H) 57.2
Trifluralin (H) 56.2

Fruitsd Glyphosate (H) 78.5
(6.4%) 2,4-D (H) 62.8

Atrazine (H) 53.2
Chlorpyrifos (I) 43.5
Alachlor (H) 42.1

Christmas trees Glyphosate (H) 92.2
(3.0%) 2,4-D (H) 42.4

Brom-O-Gas (FM) 35.7
Chlorpyrifos (I) 35.2
Atrazine (H) 34.5

Tobacco Glyphosate (H) 76.6
(15.4%) Brom-O-Gas (FM) 60.0

Atrazine (H) 56.3
2,4-D (H) 54.7
Alachlor (H) 46.0

Cotton Glyphosate (H) 84.3
(4.3%) Atrazine (H) 68.6

Matolachlor (H) 66.4
Alachlor (H) 66.2
2,4-D (H) 63.0

Peanuts Glyphosate (H) 80.5
(4.3%) Metolachlor (H) 79.7

Chlorothalonil (FG) 77.5
Alachlor (H) 73.6
Atrazine (H) 72.0

Note. H, herbicide; I, insecticide; FG, fungicide; FM, fumigant.
aPercentage of farms growing multiple commodities.
bGrains defined as popcorn, field corn, sweet corn, hay, oats,

wheat, sorghum, other grains.
cVegetables defined as alfalfa, cabbage, cucumbers, green pep-

pers, potatoes, snapbeans, soybeans, sweet potatoes, tomatoes,
other vegetables.

dFruits defined as apples, blueberries, grapes, strawberries,
watermelon, other fruit.

TABLE 4
Rank Order Correlation of 22 Pesticides Used Last Year

by State and License Type

Coefficient of
Question addressed determination (r2)

1. Were similar pesticides applied by white
and nonwhite farmers in North Carolina
last year?

0.89

2. Were similar pesticides applied by Iowa
farmers and Iowa commerical pesticide ap-
plicators last year?

0.88

3. Were similar pesticides applied by male
and female farmers in Iowa last year?

0.85

4. Were similar pesticides applied by male
and female farmers in North Carolina last
year?

0.84

5. Were similar pesticides applied by Iowa
farmers and North Carolina farmers last
year?

0.50
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frequently raised. The majority of farmers raise mul-
tiple crops; therefore, the reported pesticide use does
not correlate directly with specific commodities
raised. Herbicides are reported by most farmers re-
gardless of commodity. Chlorpyrifos, an insecticide,
is widely used by those growing fruit and those
growing Christams trees. Fumigants such as methyl
bromide are frequently used by tobacco farmers and
by those who raise Christams trees. A majority of
peanut farmers reported using the fungicide chloro-
thalonil. Herbicides are the most frequently re-
ported chemicals among farmers who raise livestock
(glyphosate, 67.8%; 2,4-D, 63.8%; atrazine, 58.5%;
alachlor, 44.0%; trifluralin, 42.4%, not shown in
table) presumably because most farmers who raise
livestock also grow a number of crops (corn, alfalfa,
soybeans, and hay) that require the use of herbicides.

We compared pesticide use for several different
groups defined by state, pesticide license type, gen-
der, and race (Table 4). The Spearman (i.e., rank
order) coefficient of determination shows that the
relative frequency of specific pesticide use is very
similar for Iowa farmers and Iowa commercial appli-
cators (r2

"0.88). Within the same state there was
also a high correlation between pesticide usage be-
tween males and females (in Iowa r2

"0.85 and in
North Carolina r2

"0.84) and between white and
nonwhite farmers in North Carolina (r2

"0.89). Too
few minority farmers exist in Iowa to make a com-
parison by race. A much lower correlation was seen
between private applicators in Iowa and North
Carolina (r2

"0.50).
The number of different pesticides used in the

year prior to enrollment is shown in Fig. 1 by farm
size. The number of different pesticides used in-
creases as the size of the farm increases. For farms
over 500 acres, an average of 3.1—3.5 different pesti-
cides were used in the last year (mean"3.3); for
farms between 200 and 499 acres, 2.6—2.7 different



FIG. 1. Average number of different pesticides used last year by number of acres planted in Iowa and North Carolina.
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pesticides were used on average (mean"2.6), while
on farms less than 199 acres 1—2 different pest-icides
were used on average (mean"1.4). North Carolina
farmers used, on average, slightly fewer pesticides
than Iowa farmers in each category of farm size in
the year prior to enrollment.

The mean number of days of pesticide application
increases with size of the farm, varying from 4 to 17
days for farms less than 50 acres to 44 to 51 days for
FIG. 2. Average number of days pesticides were applied last y
farms over 1000 acres (Fig. 2). In general, when the
size of the farm is held constant, North Carolina
farmers spend more days applying pesticides than
Iowa farmers. For Iowa farms of less than 5 acres an
unusually high average number of days are spent
applying pesticides. Preliminary analysis suggests
that this may be due to occupational history; the
private applicators may also apply pesticides in
a part time job.
ear by number of acres planted in Iowa and North Carolina.



TABLE 5
Percentage of Frequency of Pesticide Application
Equipment Ever Used by State and License Type

IA NC IA
Application farmer farmer commerical

Boom on tractor, truck, or trailer 71.4 62.1 51.5
Hand spray gun 61.4 48.4 55.5
In furrow or banded 57.9 24.3 3.1
Spray animals 46.0 19.3 15.4
Inject animals 32.2 13.4 9.3
Dust animals/pour on animals 30.1 22.1 10.7
Seed treatment 24.6 18.3 8.9
Ear tags 23.9 10.1 7.7
Backpack sprayer 16.6 32.1 26.6
Dip animals 13.6 12.2 7.3
Powder duster 8.2 18.0 7.7
Distribute tablets/granules 6.3 8.3 12.4
Mist blower/fogger 6.0 5.8 6.9
Pour fumigant from bucket 1.8 18.0 7.7
Gas canister 1.6 11.7 2.4
Aerial (aircraft application) 1.4 1.4 0.8
Air blast 0.6 2.6 1.8
Row fumigation 0.6 13.6 0.3
Do not personally apply pesticides 6.0 5.4 3.3
None of these 0.6 1.1 2.3
Other 0.3 0.3 2.0

TABLE 6
Percentage of Frequency of Personal Protective

Equipment Used by State and License Type

IA NC IA
Protective equipment farmer farmer commerical

Chemical resistant gloves
(for example, neoprene or
nitrile gloves)

76.0 39.4 73.3

Face shields or goggles 47.0 33.2 44.8
Other protective clothing
(boots, apron, waterproof pants)

29.8 26.5 41.7

Fabric/leather gloves 13.6 20.2 10.0
Disposable outer clothing 8.6 9.2 18.4
(like Tyvek)
Cartridge respirator or gas mask 8.3 18.2 14.0
Never use protective equipmenta 4.2 15.6 3.2
Do not personally handle pesticides 4.1 5.0 10.1

aIt is noted that applicators may not always be following manu-
facture’s label instructions.

AGRICULTURAL HEALTH STUDY: PESTICIDE USE 177
The frequency of use of different pesticide applica-
tion equipment is shown in Table 5 for Iowa famers,
Iowa commercial applicators, and North Carolina
farmers. Boom-type applications and handgun
spraying are common techniques used by every cat-
egory of applicator, while the air blast method and
aerial spraying are uncommon in every category.
Other techniques vary greatly by state or license
type. Backpack spraying, row fumigation, the use of
gas canisters, and pouring fumigants from buckets
are much more common in North Carolina, while
applying in furrow or banding, spraying, injecting,
using ear tags, and dusting or pouring insecticides
on animals is much more common in Iowa.

The use of protective equipment by state and li-
cense type is shown in Table 6. Of the farmers re-
sponding in North Carolina, 15.6% reported that
they never use protective equipment, compared to
4.2% of the farmers and 3.2% of the commercial
applicators in Iowa. The use of cartridge respirators
is reported more frequently in North Carolina and
for Iowa commercial applicators, compared to Iowa
farmers, who rarely apply pesticides requiring car-
tridge respirators. Chemical, resistant gloves are
used by 76% of the famers and 73.3% of the commer-
cial applicators in Iowa, but by only 39.4% of the
farmers in North Carolina. Although not recommen-
ded because of contamination concerns, fabric or
leather gloves are used by 20.2% of the North
Carolina private applicators but only by 13.6% of the
Iowa farmers and 10% of the commercial applicators
in Iowa.

DISCUSSION

While nearly all study subjects in the Agricultural
Health Study have a history of extensive pesticide
use, other determinants of pesticide exposure vary
considerably by license category (e.g., private versus
commercial). The frequency of pesticide application
by commercial pesticide applicators varies greatly,
but on average commercial applicators apply pestici-
des more frequently but have not been engaged in
such work as long as private applicators. The types
of pesticides used vary by state. Iowa farmers prim-
arily use herbicides and insecticides but relatively
few fungicides and fumigants. In North Carolina,
farmers use many of the pesticides commonly used
in Iowa, but they also use more fungicides and
fumigants. In addition to corn and soybeans, which
are grown in both states, North Carolina farmers
raise tobacco, fruit and vegetables, cotton and pea-
nuts. A larger proportion of Iowa farmers have live-
stock than North Carolina famers.

While there are substantial differences between
states in the types of pesticides used, there is little
difference within a state. In Iowa, commercial and
private applicators used similar pesticides. Sim-
ilarly, within a state, differences between the pesti-
cides used by male and female applicators or
between white and nonwhite applicators tend to be
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small. Farmers in Iowa and North Carolina gener-
ally grow multiple commodities; we did not obtain
information on pesticide use by commodity. How-
ever, use of specific chemicals is more strongly asso-
ciated with certain commodities. Several herbicides,
including glyphosate, 2,4-D, atrazine, alachlor, and
trifluralin were common to many different kinds of
farm operations, but insecticides, fungicides, and
fumigants tended to be more closely associated with
specific farm operations.

Despite our concerns about multiple chemical
exposures and potential reporting difficulties, ques-
tionnaire responses are generally complete and in-
terviewers report applicators have relatively little
difficulty completing the pesticide section of the
questionnaire. There is some specificity and diver-
sity of pesticide application by crop, which provides
additional reassurance. The average number of dif-
ferent pesticides used increased with farm size and,
as expected, the number of days pesticides were
applied also increased as the size of the farm in-
creased. These differences in pesticide exposure pat-
terns (e.g., those using and those not using specific
chemicals) by state and type of farm operation will
facilitate the ability to make internal comparisons in
subsequent epidemiologic analyses.

Different practices of personal protective equip-
ment use and application methods also influence
exposure to pesticides. Again, substantial differen-
ces were observed between Iowa and North Carolina
applicators for both determinants of exposure. Using
hand-held application equipment is more liable to
result in exposure than other application methods
(Lavy et al., 1987; Libich et al., 1984). Several of
these techniques, including row fumigation, pouring
fumigants from buckets, the use of backpack
sprayers, and the use of gas canisters, are employed
more frequently by North Carolina farmers. Dusting
or spraying livestock with insecticide, a technique
also associated with relatively high exposures
(PHED, 1995), is more common in Iowa. These tech-
niques are typically used with different chemicals.

A substantially larger fraction of North Carolina
farmers do not use any personal protective equip-
ment when applying pesticides than either Iowa
farmers or commercial applicators. While the proper
use of chemical-resistant gloves has been demon-
strated to significantly reduce the dermal exposure
to pesticides (PHED, 1995) and the use of face
shields and goggles has been shown to reduce eye
exposure (PHED, 1995), many more Iowa applica-
tors use these items of equipment than North
Carolina farmers. North Carolina farmers, who are
more apt to apply chemical fumigant, reported high-
er aggregate usage of cartridge respirators or gas
masks, which are required equipment. These masks,
however, are used by only a small portion of the
applicators in either state.

In summary, study subjects in the Agricultural
Health Study generally have made many pesticide
applications per year but only a relatively small
number of different pesticides are used by pesticide
applicators in 1 year. While the herbicide glyphosate
is used widely in each state, other pesticides differ
significantly in use by state and crop type. Other
determinants of exposure also vary considerably by
state and license type, suggesting that epidemiologic
analysis based on internal comparisons will be pos-
sible.
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